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HAVE YOU A TYPE 650 IMPEDANCE BRIDGE? 

• ONE OF THE MOST POPULAR 

G<*nrral Radio lahorator)' inKtruiiK'iils, 
ftinet' it wan (irnt iiitrodiiciMl in 193H, lias 
Ikmmi llu* Tyi»k 6.^0 liii{M‘dancr Rridjrf — 
witness a sale of over 3T(H) of ihest‘ instrii- 
ments to dale. By means of this Bridge re¬ 
sistors, induetors and eapaeitors eaii In* 
measured rapidly and conveniently over a 
wide ran ore of values. 

On many o<*casions, the need uris<*s for 
usiiifj an auxiliary audio amplifier to inrn*as«* the sensitivity of hrid^r 
balance when employing either headphones or an a-c galvanometer as 
the null detector. For this purpose General Radio has successively 
ofTen*d iIm* Type 511 and 
1 'ypk 811 .\niplifier8, and 
at the pr<‘s<*nt time the 
Type 1231 Amplifier and 
Null l)ete<*tor. 

I'he Type 650 Ini- 
pedanct* Briilge is s«‘lf- 
energi/.«*d by four No. 6 
drv (‘ells hous(‘d in the* 
bridge (*ahinet. These dry 
ivllssiippl) d-c power for 
the Vi heatstone bridge 
measiin'inent of n‘sist- 
an(*«‘ and drive a one kilo- 


Fi(;t HK I. View of the Tyi»k 
liii|M*(lance Bridge with 
liuttery eoiii|iurtment at the 
rear. 
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Ficuhe 2 . I’i:nel view of llu* Type 6nD-PI 
OBcillalor-Amplifier, fiiowin^ top of bridge 
panel. ConiuH-liona are easily made from either 
the d-c or KlOO-cycle lerminals lo the EX- 
TEHNAE (JENEllATOH terminals of the 
bridge. 

cycle niicroplitnip liiiiiiiner for briilge 
nieafiureimnts of either inductors or 
capacitors. \\ liile such an arrangement 
is essential for field use >vhert‘ {>o\ver lines 
are not available., most of the.st* bridges 
are used exclusively in laboratories 
where a-c mains are always available, in 
which case it wotdd Im* desirable to dis- 
|iense with the dry celLs ami o|M*rate the 
bridge directly from the power line. 

To meet these two desirable recjuire- 
inents, the General Hadio Company 
now offers the Type 650-IM Oscillator- 
Amplifier, a useful combination unit 
which is designed to fit into the cabinet 
(Compartment formerly hou.sing the dry 
cells. This 650-Pl comprises: 

(1 j A source of d-c voltage for resistor 
measurements. 

(2) A one-kihjcycle vacuum-tube os¬ 
cillator to replace the microphone hum¬ 
mer. 

(3) An amplifier of sullicient gain for 
all uses of I Ik* bridge. 

This auxilian unit is energized from a 
single-phase a-c power line at a fre- 
(]uency of 50 to 60 cps. and having a 
nominal voltage of either 115 or 230. 
I he jK>wer consumed i.s about 10 watts. 
'Flic unit is assembled in a metallic 
cabinet with a top control panel which 
replaces the wooden cover of the battery 
compartment. 

When installed, a short phig-termi- 

Copyrighl. 1946. (^nfiral nndiu C« 


nated jum|M*r connects the bridge iu))ut 
terminals to adjacent d-c or one-kilo- 
cy(*le terminals on the panel (if the 
auxiliary unit. By means of an internal 
shielded cable a connection is made 
between the bridge detector terminals 
and the input of the amjilifier. The 
phones or a-c galvanometer (neither of 
which are supplied) that are to be used 
as the null detector are then attached to 
terminals on the auxiliary unit. The 
'Fyi'E 183-F Output Meter is a useful a-c 
galvanometer for this purpose. A com¬ 
plete set of instructions for installing and 
o{M*rating the Type 6.50-Pl is sup|)iied. 

File power-supply reclilier is a 6116 
dupl(‘X diode functioning as a voltage 
doubler.'^Fhe maximum |K*rmissible value 
of the liltered d-c output is applied to 
the bridge. 1 his is considerably in exci’ss 
of the 6 volts originally available from 
batteries, so that the sensitivity of bal¬ 
ance when measuring the larger values 
of resistance (one megohm maximum) 
is definitely enhanced using the galva¬ 
nometer aln*a(ly incorporated in the 
Type 650 Bridge. 

The one kilocycle oscillator employs 
a 6SLTGT duplex triode, one triode 
functioning as an oscillator and the other 
as a buffer amplifier. I'he oscillator is of 
the B-C feedback tyjie and can Ik* more 
accurately tunc'd t(j one kilocycle than i.s 
practical with the microphone hummer, 
thus minimizing inherent fn*(piency 
errors in the reading of the Q or D dial 
of the bridge, since tla.^ calibration of 
these dials is a function of the op(‘rating 
fr(*(piency. The oscillator fn*(piency is 
subject to a 20-cycle warm-up rise over 
a one-hour interval and is adjusted at 
thermal ec|uilibrium to within ±5 cycles 
of one kilocycle. Between the oscillator 
and the buffer amt>lifier is inserted an 
oscillator gain control ficrmitting a full 
range adjust men t of the a-c voltage 

ipany. Camhririge. Mass.. 6. S. A. 
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applied to the brid*^e. This fealuns 
which is not available in the original 
Tyte 650 Bridge unless a separate oscil¬ 
lator is used, is desirable in ineasuring 
iron-cored indiict(»r6 at low flux densities 
approach initial |)ermeability. 

B<*tween the output of the hiiffer 
amplifier and the bridge input terminals 
is interfused a 5/1 step-down trans¬ 
former which is douhly shielded and de¬ 
signed to give maximum over-all efli- 
ciency with the 'I’ype 650 Bridge and to 
minimize certain n'sidual capacitamx* 
errors. This transformer contains 84‘pa- 
rate electmstatic shields around the 
primary and st*condar\’ windings with a 
substantial st^paration lietween them. 
'File primary' shield is grounded, while 
the st‘condar\ shield is connected to that 
secondary* terminal which leads to the 
junction of the /I and j\ arms of the 
bridge. This arrangement places a negli¬ 
gible capacitanci* of O/Lt/if across the 
standard capacitor (10,000 /kmO bridge 
arm, and iiitroduivs a capacitance of less 
than 36 /i/af (4.4 megohms reactamv) 
across the CRL rheostat arm (10 kilohms 
maximum), so that tla* error intrmluced 
is also negligible. 


The full output of the oscillator some¬ 
what exceeds that of the microfihone 
humuK'r ami has a distinctly pun^r wave 
form. Twenty milliwatts into a matching 
load of 2 kilohms may bt* obtained with 
a harmoiiif* ctmleiit of less than 2% at 
full output. The ofK*n circuit voltage is 
in excess of 12 volts, and the hum level 
is less than 15 millivolts. 

The aniftlificr comprises tw'<» stages 
utilizing a s«*coml 6SL7(Fr tuln*. The 
first stage is tuned by means of a degen¬ 
erative B-C network to afford fH*ak gain 
and maximum selectivity at one kilo¬ 
cycle, thus facilitating bridge balances 
by minimizing harmonics, especially 
when measuring nonlinear circuit ele¬ 
ments such as iron-cored inductors. .\n 
open circuit voltage-ratio gain in excess 
of 50 db is available with a discrimina¬ 
tion in excess of 10 db at 0.5 ami 2 kilo- 
cycles. With average phones a gain of 
about 45 db is realizeul. This amplifier is 
precedetl by a gain control affording full 
range adjust imuit of detector sensitivity. 
'Fhe hum level is less than 10 millivolts. 
A blocking capacitor nunoves any d-c 
component from the output to the 
phones <»r a-c galvanometer and par- 


Ficuhe 3. Klemealar>' schematic circuit diagram of the 'fvi'E 6.S0-P1 Oscillator-\mpliHcr. 
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tialJy n‘Sonales the average headphones 
to one kilocycle. Crosstalk between the 
oscillator and amplifier components is 
reduced to an imperceptible minimum 
by the use of isolation filters and com¬ 
partment shielding. 

In order that this same amplifier may 
conveniently be used when making a 
bridge measurement at some frequency 
other than one kilocycle (using, of 
course, some other oscillator) a switch 
is provided whereby the tuning network 
may 1 h* removed, thus giving the ampli¬ 
fier a flat gain characteristic. This flat 
amplifier has a gain of about 60 db at 
one kilocycle, dropping by 0.6 db at 100 
cycles and 3.5 db at 5 kilocycles. The 
hum level is less than 400 millivolts. 

The hum levels for the two amplifiers 
quoted above are obtained when em¬ 
ploying a resistive load such as the Type 
4fl3 Output Meter. Due to resonance 
selectivity, when using head phones 
these hum levels are reduced about 20 
db and liecome audibly imperceptible. 

On the control panel of the Type 
650-Pl are the following items: an input 
socket for attachment to an a-c power 
line together with a line switch ami pilot 
light; d-c, l-kc and phone terminals; a 
switch for selecting either d-c or l-kc 
excitation of the bridge; a switch for 


rendering the amplifier flat or tuned to 
1 kc; and separate control knobs (un- 
calibrated) for adjusting the oscillator 
output level and the amplifier gain. 

While the Type 650 Imj)edanc<* 
Bridge will continue to Ik- sold equipfM*d 
with the microfdione hummer and dry 
batteries, the addition of this new auxil¬ 
iary unit should prove iKmeficial to many 
old and new users of this bridge. 

The Type 650-Fl Oscillator-Amplifier 
is 8|>ecifically designed to Ik* used with 
the Type 650 Bridge. However, as an in¬ 
dividual item, it should prove useful 
with many other bridge systems, pro¬ 
viding, in compact form, both a one 
kilocycle oscillator for exciting such a 
bridge and an amplifier for the bridge 
detector. The unit can also serve as a 
convenient source of well-filtered d-c 
power (but cannot be used simultane¬ 
ously as an oscillator-amplifier). The 
open-circuit d-c voltage is 190 volts with 
a hum level less than 0.1 volt, and the 
regulation is closely linear and rt'pre- 
sented by the equation: 

Terminal Voltage = 190 — 23/ 
wherein / is the load current in inilli- 
ampen*s. No harm is done by short- 
circuiting the d-c terminals which affonls 
a maximum current of 8 milliamf^K‘res. 

— Horatio W. Lamso^j 


SPECIFICATIONS 


Oscillator: Frerquenry --KHM) cps ±1%; 
Harmonics—less than 2 % at full output; 
Open-circuit Voltage — continuously adjust¬ 
able up to maximum of 12 to 15 volts: Internal 
Impedance — 2000 ohms; Hum I^»vel — 15 
millivolts. 

Amplifier: Voltage Gain (with average 
phoiH*s) — continuously adjustable up to about 
-15 db; Attenuation to Second Harmonic (when 
tuned to 1000 cycles) — approximately 15 db. 
Hum Level — inaudible. 


D-C Output: Maximum Current—8 milli- 
arnperes, no adjustment provided; can be short- 
circuited without damage; Hum Level (no 
load)—less than 100 mv; Open-Circuit Voltage— 
190 volts, approximately; Intcnial Hesistance 
— 23,000 ohms. 

Power Supply: 105 to 125 (or 210 to 250) 
volts, 50 to 60 cycles. 

Power I nput: 10 watts. 

Vacuum Tubes (supplied): 

1 — 6H6 type 2 — 6SL7GT type 
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Accessories Supplied: Connector for use 
l>ctwcen bridge and oscillator*aniplifier; line 
cord>and>plug assembly; spare pilot lamp; one 
Tvpe 274.M Plug. 


Dimensions: Cabinet — 10 ^ x 2 ^^ x 6*^4 
inches; Panel — 12 x 3*% inches. 

ISpt fFeififU: 9 pounds. 


Type Code fTttrd 

b50-PI j Amplifier-iJscillator.| bogts | $1 tO.IMl 


MULTIPLE PHOTOS WITH THE MICROFLASH 


• AN ELECTRONIC SEQUENCE 
TIMER, ilcvelopeil by ilk* Air Tech¬ 
nical Serviw Comiiiand at Wright Field, 
[Permits multiple exposures on a single 
film to he made with the Microflash. 
Developed hy Captain C. fl. Coles of 
tile .ATSC engineering division, the 
timer utilizes the constant rate of volt¬ 
age increase across a linearly charged 
condenser to excite six amplifiers which 
are set to progressively decreased sensi¬ 
tivity. Each amplifier tri[)s one Micro¬ 
flash lamp. 

The interval between flaslies is varied 
by simply turning dials on the sequencer 
panel, and the total time n*quired for all 
six pictures can be adjusted lietween 0.6 
second and 0.0003 s<*cond. 

The photograph of Figure 2, which 
shows three exposures of a 0.50 caliber 
machine-gun bullet was timed by the 
electronic sequencer. 

ASTC engineers found many uses for 
the Microflash during the war, in addi¬ 
tion to bullet photography. Among 



Figure 2. The electronic frequence timer and a 
battery of hix MIcroHaHli iinitH. Oaptaiii C. 11. 
Cole* of the .\ir Tc* 4 ^hnical Service Omimand. 
who developed the timer, is shown at the con¬ 
trols. 

these was the study of rupturing pro- 
[k?IIer blades. By using X-ray film, an 
f/ 2.5 night aerial camera lens, and a 
s[)ecial developer, they have taken 
Microflash pictures successfully at dis¬ 
tances of 40 to .50 feet from the lamp. 


Fioitre 1. Three-expoaure photograph of a 0.50 caliber niacliinc-giin bullet. 
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MEASURING LATERAL MOTIONS IN A 
ROTATING SYSTEM WITH THE STROBOLUX 


• A NOVEL APPLICATION for the 
Type MB-A Stroholux has n*cently 
tiimtMl tip in roiiiKM'lion with the iiieas- 
ureiiHMit of small lateral motions in a 
rotating shaft. 

An investigation of thesi* minute 
irregularities in the moving parts of 
their line of taehometers was l»eing 
earned out hy the HarlNitir Stockwell 
(’ompany of t iarnliridge, Massaehiisetts. 
Tliese taehoiiK^ters an* of the eonven- 
tional fly-hail ty|M‘, having three weights 
spaced at 120“ arouiitl I he spindle, each 
eoiinecled hy one link lo a stifling collar 
near the other eml f)f the spinflle. A heli¬ 
cal compression spring siirrfmnding the 
spiiiflle iM'tween the (ixeil and sliding 
collars leiifls lo separate thesf* f*ollars. 
Ontrifiigal ff>ree mi»v€*s the weights 
outwanl fnnn tlie shaft, thus causing the 
links tf» swing fuilwanl frf>m their sta¬ 



tionary position parallel tfi the shaft. 
This moves the sliding collar along the 
shaft toward the fixed collar in opposi¬ 
tion to the restoring forct* furnished hy 
the helical spring. The |>osition of the 
sliding collar is translated into fiial rt^afl- 
ing hy means of a spring-loaded fidlow er, 
hearing against the fa<v of the sliding 
f!ollar and connecteil to the flial mech¬ 
anism. 

In the cfMirse fif the investigation, a 
contour comparator of the familiar 
shadow-projection ty|K* was useil. This 
consists of a light source with a siiitahlc 
lens an<l mirror f'omhination so arranged 
that a sharply flelined ami grt'atly en¬ 
larged shadow of the sample is projeetefl 
upon a gnniml glass screen. For measun*- 
inent purpos4*s. the screen hail vertical 
and horizontal ixTerencf' lines. (»raffu- 
ated micrometer screws weix* pn>videil 
to move the stage in a plane normal tfi 
the light heam so any |M>int on the image 
could be set to the fixed referenc'e line>. 

It then occurn*<l tf» Mr. Frank P. 
Vi'ilkins. one of tlie engineers wtirking 
on the project, that the flynamic condi¬ 
tions might he rather diflenmt from the 
static conditions. These cf)uld 1 h‘ n*aflily 
observed if the light source of the com¬ 
parator were replaced with a strobo¬ 
scopic light. The arrangement slumn in 
Figure 1 was set up with the lamp 
housing of a Type 6 i8-A Stroholux 
replacing the incandescent lamp. The 
convex glass was removed from the 
Stroholux lamp housing and a piece of 
heavy paper substituted. This had a 
2}^*^ hole cut in the center to admit light 

Figure 1. View of the tachometer niouiiled in 
the contour comparator with Stroholux lamp 
ahovr. 
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to the rondeiiHing lens, while shielding 
the ground glass screen from ilirect light, 
it was recognized that this arrangement 
would pass only about 10% of the avail* 
able light into the system. 

The tachometer sample was then 
rotated at a speed of 2.S00 rpm, and the 
Type 631-H Strobotac, which controlled 
the Strobolux, was set to flash at a sjieed 
only a few rpm less than this. The pic* 
ture shown in Figure 2 illustrates the 
image which appeared, rotating slowly, 
on the ground glass screen. A cyclic 
motion of the spring*loaded follower 
l)earing against the face of the sliding 
collar was immediately seen. This ap- 
|M‘ared to lx‘ caused by a very slight 
wobble on the face of the collar, although 
the condition had not In’cn noticed on a 
static check w hen the spring surroumling 
the shaft was extended. Only a little less 
obvious was a small erratic lateral mo* 
tion of the shaft which up[»eared to take 
place slowly under the efTect of the light 
from the Strobolux. It was also possible 
to observe and to measiiiv the verj- small 
variations in the radial displacement f»f 
the three weights. 

7Vo separate improvements in tin* 
tachometers were made possible or 


greatly .facilitated by the use of the 
Strobolux with this arrangement. 

I The first was the elimination of a 
small amount of bouncing of the spring* 
loaded follower against the face of the 
rotating sliiling c*ollar. lk*fore the in* 
vestigation this had Ik'cii manifcslc<l 
only as a very small and erratic motion 
of the pointer on the tlial at medium 
high sjiceds. 

The second impnivement was effecteil 
by ex|)erimenting with the ball bearings 
on the spindle and obs4‘rving the results. 
This enabled tlie engineers to fix toler* 
ance standards for these U^arings that 
will eliminate the small lateral motion 
of the spindle. 

The engineers on this pn>ject felt that 
the results wert* quite satisfactory but 
decided to n-duce the loss in tin' stn>b<i- 
scopic illumination by (constructing a 
small holder and reflector for the Slndio- 
liix lamp which (could con(ccntrafe(c a 
greater part of the available light into 
the small condensing lens of the contour 
(Comparator. 'Fliis will produ(xc an even 
sharjier and brighter image of the sample 
{lermitting greater accuracy in the 
measurements. 

— Kipli.xg Adams 


Figure 2. View of 
the imaac appear- 
iiig in tlie groiirul 
glass screen of the 
coniparalnr. 
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MISCELLANY 

• FOR RADIO-FREQUENCY IM¬ 

PEDANCE m<‘a8urt*ineiUH Globe Union, 
Inc., of Milwaukee, manufacturers of 
(k'litralab radio products, liave designeil 
and built the convenient and attractive 
console shown ben*. 'I'lie sloping desk 
top houses a Type 821-A Twin-T Im- 
(ledance Measuring Network, while in 
the vertical panel arc tlie r-f power 
source, a Type Standard-Signal 

Generator, and a radio receiver for use 
as a null detector. Drawers in the front 
provide a convenient place for storing 
accessories. 

* Manufacturers of capacitors and in¬ 
ductors find the Twin-T the most pre¬ 
cise instrument available for the meas¬ 
urement of reactance and loss at radio 
frecpiencies. 



IMPORTANT 

Enclosed with this issue of the Experimenter is a new net price schedule for all 
General Radio products. This new schedule becomes effective on and after 
April 15, 1946. 

Since a numh<‘r of price changes have Ijeen made, all are urged to consult the 
new revised list before ordering. 


GENERAL RADIO COMPANY 

275 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 

TELEPHONE: TROWBRIDGE 4400 

BRANCH ENGINEERING OFFICES 


NEW YORK I. NEW YORK 
11 WEST STREET 
TEL.^WORTH 2-SIS7 


CHICAOO S. ILLINOIS 
t2l SOUTH MICHI6AN AVENUE 
TEL.^WAIASH 3121 


LOS AN6ELES SI,CALIFORNIA 
1001 NORTH SEWARO STREET 
TEL.-HOLLYWOOO 1321 
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